Background Timely reporting of influenza A virus subtype affects patient management. Real-time PCR is a rapid and sensitive method routinely used to characterise viral nucleic acid, but the full spectral capability of the instruments is not employed.
Background
The 2009 influenza pandemic led to a massive increase in laboratory testing for the viral causes of acute respiratory illness. 1 Distinction of influenza infection from other respiratory viral aetiologies and identification of influenza A virus subtype aided patient management decisions. During an influenza outbreak in our hospital in December 2008, both influenza A ⁄ H1 and A ⁄ H3 strains were circulating. 2 Ninety nine per cent of all influenza A ⁄ H1 isolates characterised by the UK Health Protection Agency at this time were resistant to oseltamivir, whilst A ⁄ H3 strains remained sensitive to the drug. 3 As a result, first-line therapy for high-risk patients was switched from oseltamivir to zanamivir until the viral subtype was identified. The 2009 pandemic A ⁄ H1 strain has since become the dominant circulating subtype, and timely determination of this viral subtype has become important for epidemiology and infection control purposes. 4 Real-time PCR offers a rapid and reliable methodology to detect and characterise viral nucleic acid, and numerous assays are available to help laboratories implement effective diagnostic services. [5] [6] [7] [8] [9] [10] [11] Many protocols are multiplexed to simplify workflow and reduce costs. However, no assay currently employs the full six fluorescent channel capacity of some real-time PCR instruments. 
RNA Isolation
MS2 phage internal control (10 000 copies) was added to each 200 ll sample prior to nucleic acid extraction using the Qiagen Minelute Virus Spin kit or the Qiasymphony Virus ⁄ Bacteria Mini kit (Qiagen, Crawley, UK).
Real-time PCR
The Flu-6plx PCR assay utilised the Superscript III qRT-PCR kit (Invitrogen, Paisley, UK) in a 25 ll reaction containing 5 ll purified RNA and oligonucleotides at the concentrations given in Table 1 . MS2 phage internal control RNA was detected in a second in-house respiratory hexaplex reaction (PIV-6plx) run under identical conditions. RNA was denatured at 95°C for 1 minute prior to master mix addition on ice. Amplification and detection were performed on a Lightcycler 480 real-time PCR machine (Roche Diagnostics, Burgess Hill, UK) with reverse transcription at 50°C for 20 minutes, denaturation at 95°C for 2 minutes and 50 amplification cycles of 95°C for 15 seconds, 58°C for 45 seconds and 72°C for 1 seconds.
All nucleic acid extracts were assayed using a further four monoplex PCRs targeting the influenza A matrix gene, influenza B nucleoprotein gene, RSV and hMPV fusion genes to designate sample status. 5, 12, 13 A subset (n = 95) of nucleic acid extracts identified as influenza A positive were further tested using the Prodesse ProFlu ST subtyping kit on the Smartcycler II system according to the manufacturer's instructions. Discrepant 2009 pandemic A ⁄ H1 subtype results were resolved using CDC 2009 pandemic A ⁄ H1 PCR assay. 14 
Results
A PCR result was considered positive when there was evidence of efficient amplification with a distinct sigmoidal curve. All Cp values were £37 cycles in Flu-6plx assay and £42 cycles in monoplex PCRs. The latter assays detected influenza A, influenza B, hMPV and RSV RNA in 106, 11, 20 and 24 study specimens, respectively ( Table 2 ). The panel contained 58 monoplex-negative specimens, and six samples were co-infected with influenza A and either hMPV (n = 4) or RSV (n = 2). The Flu-6plx assay detected influenza A RNA in all 106 influenza A-positive samples. Four of these samples, all of which had high Cp values (Cp range, 31-35) in the monoplex assay, were positive in either the 2009 pandemic H1 (n = 2) or human H1 (n = 2) Flu-6plx channels but negative in the matrix channel. These four samples were considered positive for the purposes of this evaluation, giving the hexaplex assay 100% sensitivity and specificity for influenza A. The Flu-6plx assay correctly detected influenza B RNA in 11 samples but identified only 22 ⁄ 24 RSV-and 16 ⁄ 20 hMPV-positive samples. The six samples with false-negative hexaplex results all contained low-level viral RNA by monoplex PCR (Cp range, 33-41) and 4 ⁄ 6 were also influenza A RNA positive. No inhibitory samples were detected.
The ProFlu ST test was unable to subtype 17 ⁄ 95 influenza A-positive samples, whereas the Flu-6plx assay identified four of these as human A ⁄ H1 and 11 as 2009 pandemic A ⁄ H1 (Table 3) . Three of the four discrepant human A ⁄ H1 samples were known human A ⁄ H1 weakpositive QCMD specimens, and 8 ⁄ 11 discrepant 2009 pandemic A ⁄ H1 samples were positive by the CDC 2009 pandemic H1 PCR. The Flu-6plx assay does not type influenza A ⁄ H3: 36 ⁄ 37 samples untyped by this assay were typed as influenza A ⁄ H3 (ProFlu ST PCR or QCMD data). The Flu-6plx assay had sensitivities and specificities of 100% and 98% for human A ⁄ H1, and 100% and 95% for 2009 pandemic A ⁄ H1 components, respectively.
Discussion
The Flu-6plx assay showed excellent sensitivity as an influenza A screening assay in comparison with a monoplex influenza A assay that targets a similar region of the influenza A matrix gene with high sensitivity. 5 However, the multiplex format compromised the sensitivity of the assay to detect low-level hMPV RNA when high amounts of influenza A RNA were present in the same specimen. The hMPV component of the hexaplex assay was able to detect all but one of the hMPV positive samples when run as a monoplex assay (data not shown). The remaining hMPVpositive sample had a Cp value of 39 by the alternative monoplex PCR. 13 Thus, the lower hMPV sensitivity of the Flu-6plx assay is a result of PCR competition in the multiplex format, and low-level hMPV co-infection cannot be excluded with this screening assay.
Multiple influenza A targets in a screening assay help overcome problems caused by sequence variation. However, samples with a positive influenza A ⁄ H1 PCR signal but negative influenza A matrix PCR may warrant further testing with a confirmatory monoplex PCR in the diagnostic setting. Similarly, the presumptive influenza A ⁄ H3 samples identified by the Flu-6plx assay (influenza A matrix PCR positive but both A ⁄ H1 PCRs negative) would require a further test to confirm subtype.
The influenza A ⁄ H1 typing components in the Flu-6plx assay showed excellent sensitivity in comparison with the FDA-approved ProFlu ST test. However, the discrepant analysis model used in this study meant that the specificity calculations for the hexaplex assay were adversely affected by the four samples in which the Flu-6plx identified as A ⁄ H1, but this status could not be confirmed with any of TGG CAC TAC CCC TCT CCG TAT TCA CG  0AE2  MS2 R1 GTA CGG GCG ACC CCA CGA TGA C 0AE2 MS2 phage 20 MS2 Cyan500 (Cyan500)-CACATCGATAGATCAAGGTGCCTACAAGC-(BHQ1) 0AE08
C denotes position of pdC nucleic acid bases. PIV; parainfluenza virus, NP; nucleoprotein, HA; haemagglutinin, NM; neuraminidase, UTR; untranslated region. All oligonucleotides were purchased from Metabion Ltd, Martinsried, Germany, except MGB probes that were obtained from Applied Biosystems, Warrington, UK.
the other assays used in this evaluation. Sensitivity of the Flu-6plx assay to detect mixed influenza A ⁄ H1 infections was not tested. Crosstalk between fluorescent channels was minimised by the application of an assay-specific colour compensation file. These files allow the user to balance assay sensitivity against elimination of crosstalk. The file used in this study allowed the sensitive detection of low signal, although weak bleed-through was occasionally detected in an adjacent channel. This crosstalk was recognised by identical crossing points in the two channels and was often more evident with the far red dyes. Signal strength should be altered in the colour compensation file dependant on the needs of the laboratory.
Identification of human influenza A ⁄ H1 subtype was important for patient management during the 2008 ⁄ 9 winter season as this virus was oseltamivir resistant but susceptible to zanamivir. 3 Emergence of the 2009 pandemic H1 virus as the dominant circulating strain compelled laboratories to adopt new subtyping protocols for infection control and patient management. The Flu-6plx assay reported here combines both A ⁄ H1 subtyping functions in a sensitive and specific assay for influenza and also facilitates the detection of influenza B, hMPV and RSV RNA in the same reaction. Multiplex real-time PCR has simplified the molecular diagnosis of viral respiratory disease, but the majority of these PCRs contain only three or four targets in each reaction. 6, [8] [9] [10] Several real-time PCR platforms have six detection channels, but these instruments have not been fully exploited in routine diagnostic virology laboratories. A hexaplex real-time PCR assay has been reported for screening genetically modified organisms in food, but the protocol used a five-channel instrument with two components detected in the same channel. 15 Real-time six-channel technology has been used by commercial tests to determine antibacterial resistance but, to the best of our knowledge, this is the first report validating a laboratory-developed assay capable of distinguishing six individual viral targets. 16 Utilising real-time PCR platforms to their full spectral capacity can reduce the number of reactions required for a respiratory virus screening panel, thereby saving both time and resources.
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